Some bacteria produce an acid reaction in the sealed tube but not in the open tube, from the fermentation of carbohydrate in the standard two-tube oxidative-fermentation (OF) method of Hugh and Leifson (5) . Chromobacterium violaceum gives such atypical reactions with starch and maltose. Hugh (4) obtained similar reactions with Vibrio cholerae in purple broth base of Difco (Difco Laboratories, Detroit, Mich.); some of his strains produced acid from arabinose, cellobiose, inulin, sorbitol, and xylose under a petrolatum seal but not in comparable open tubes of media. Snell (1975, personal communication) has noted such anomalous reactions with occasional strains of bacteria. Edwards and Ewing (2) have reported that the fermentation of lactose, sucrose, and salicin by Enterobacteriaceae may be expedited by corking the tubes. Again, it can be inferred here that reduction in the availability of oxygen to the culture promotes production of fermentative acidity.
The cause of these atypical fermentations was first investigated by inoculating three different media which indicate carbohydrate fermentation by acid production (9) . These three media varied in their sensitivity in the detection of acid production, depending on their peptone content. Peptone-water-sugar (PWS) medium had a peptone content of 1%, OF medium of Hugh and Leifson (5) Gordon, and Clark (8) had none. The ASS medium substitutes peptone with ammonium sulfate as a nitrogen source. Twenty-three strains of C. violaceum from the Veterinary Research Institute's stock culture collection, all known to produce atypical fermentations with starch and maltose, were used in this study. The media were prepared with starch or maltose as the reactant carbohydrate, according to Snell and Lapage (9) . They were incubated at 37 C, and the results were read for 14 days. The following results were obtained. (i) In the PWS medium prepared with starch and in that prepared with maltose, no change in pH was detected. (ii) In the OF medium (two-tube method) prepared with starch and in that prepared with maltose, an alkaline reaction was observed in their open tubes, whereas acid was produced in their sealed tubes. (iii) Acid was produced in ASS medium prepared with starch and in that prepared with maltose.
Several one-tube OF methods have been proposed to substitute the conventional two-tube method of Hugh and Leifson in the identification of bacteria (1, 3, 6, 7) . The methods of Mossel and Martin (6) In this study, the effectiveness of the techniques of Porres and Stanyon, and Brown were investigated by testing if these single tube methods can detect atypical fermentations. Reduced oxygen availability in the lower portion of the tube was achieved by Porres and Stanyon by increasing the depth of the medium to 7.5 cm (the standard two-tube method had a depth of 4.0 cm) and by Brown by the use of a Beckford constricted tube with a medium depth of 5.5 cm. The increased depth of medium (IDM) method of Porres and Stanyon and the constricted tube (CT) method of Brown were prepared with starch and maltose. Three sets of the media were inoculated and incubated at room temperature, 30 and 37 C. The results (Table 1) were read for 14 days.
Results given above show that C. violaceum is able to ferment starch or maltose under reduced availability of oxygen (as in the sealed OF tube) or under aerobic conditions if organic nitrogen is absent (as in ASS). Acid was not produced in PWS or in the open OF tube (even if organic nitrogen content is small). These reactions can be explained to be the result of a competition between peptone and carbohydrate metabolism (9) . Under aerobic conditions, the bacteria preferentially metabolized peptone over the reactant carbohydrate. The carbohydrate was metabolized only under reduced availability of oxygen (when peptone metabolism is inhibited) or when organic nitrogen was absent.
The results in Table 1 show that the IDM method and the CT method are not as sensitive as the sealed tube of the two-tube method. An oil overlay is superior to an increase in depth of See results given in the text for the OF method. Acid was produced in the sealed tubes only.
bAcid was produced in the lower third of the tube only. The top two-thirds was alkaline.
c Acid was produced below the constriction only. The medium was alkaline above the constriction. NOTES 779 agar medium or a constriction in the tube as a device to retard oxygen diffusion into the medium sufficient to detect atypical fermentation. This was further proved when the IDM method and the CT method were repeated with an oil overlay; both methods then indicated fermentation with all 23 strains, and acid production was throughout the tubes.
Most reactions with the three media (PWS, OF, and ASS) and in Table 1 were complete in 24 to 48 h. Reactions in Table 1 were most rapid at 37 C; lower incubation temperatures did not produce any change in the number of fementations detected.
The IDM method and the CT method of detecting fermentation, therefore, do not give a 100% correlation between them and the standard two-tube procedure if the test organism atypically ferments the reactant carbohydrate.
The bacteria used in the studies of Porres and Stanyon, and Brown did not produce atypical fermentation as described in Table 1 . Tynan (1975, personal communication) did not know of any case where acid was produced only below the constriction and the upper portion remained alkaline in the CT method.
Atypical fermentations have not been known to occur randomly but with certain bacteria only and with specific carbohydrates (e.g., C. violaceum with starch and maltose). As such, abbreviated OF methods (1, 7) may be used routinely in diagnostic laboratories for the identification of bacteria, if caution is exercised in interpreting the biochemical parameters of organisms known to give atypical fermentation when determined by the conventional two-tube method.
